Objective: Irreducible patellar dislocation accompanying ligamentous laxity is rarely seen in pediatric patients. The most common complaints due to this condition are inability to walk, delayed walking, and difficulties with orthotics. The purpose of this retrospective study is to describe a novel surgical technique to treat dislocated patella in patients with symptomatic ligamentous laxity. Methods: Fourteen knees of 9 patients operated on by a single surgeon between 2009-2012 were included in the study. The tensor fascia was divided into 2 strips, and these strips were passed via the joint and sutured to themselves. The combined procedure additionally includes lateral capsular release, vastus lateralis (VL) resection, medial capsular plication, and Z-plasty of the rectus femoris (RF) tendon. Results: Mean age at the time of surgery was 6.9±3.3 years (range: 4-13 years). The mean follow-up was 37.6±0.9 months (range: 26-49 months). Patellofemoral instability was restored for all patients by using combined surgical technique. Patellar lateralization developed in 2 patients, in whom stability was obtained via secondary medial plication. Conclusion: Our results show that this combined surgical procedure stabilizes the knee and treats patellar dislocation accompanying ligamentous laxity in pediatric patients.
Irreducible patellar dislocation accompanying ligamentous laxity is rare. [1] [2] [3] Paton classified this extensor mechanism impairment as an acquired dislocation, which is a subgroup of childhood irreducible patellar dislocation. [4] However, regardless of the aetiological variability, the primary issue is the disturbance in the stability and extensor mechanism of the knee due to patellofemoral joint dislocation and muscle imbalance. Several methods aimed at ensuring patellofemoral joint congruence have been described. [5] [6] [7] [8] [9] However, the overall success rate was low due to the severity of underlying diseases and the necessity of using soft tissue surgery instead of bone procedures on skeletally immature patients. [5, [10] [11] [12] The purpose of this study is to give the preliminary results of the combined surgical procedure for treating an irreducible dislocation of the patella in skeletally immature patients with ligamentous laxity. The study was approved by an ethics committee.
Patients and methods
Patients who were treated between 2009-2012 for irreducible congenital patella dislocation were retrospectively reviewed. Exclusion criteria were dislocated patella without ligamentous laxity or patients who had previously undergone surgery. Fourteen knees of 9 patients (6 male, 3 female) with the mean age of 6.9±3.3 years (range: 4-13 years) were included. Down syndrome was diagnosed in 6 patients, meningomyelocele in 2 patients, and Prader-Willi syndrome in 1 patient.
Patients underwent clinical examination to assess knee range of motion (ROM), recurvation, valgusvarus deformity, and stability both presurgery and at final follow-up ( Figure 1 ). Instability was classified according to Dugdale et al. [2] Anterior-posterior and lateral knee radiographs were taken preoperatively (Figure 2 ), postoperatively ( Figure  3 ), and at final follow-up. The radiographic examination of patellofemoral congruence and patellar hypoplasia was assessed. The patellofemoral joint and components of the extensor mechanism were evaluated intraoperatively by direct visualization.
Differences were evaluated statistically using SPSS 15 (SPSS Inc., Chicago, IL, USA). A p value of <0.05 was accepted as statistically significant.
Under general anesthesia, in supine position a lateral skin incision was begun from the junction of middle third and distal third of the femur extending to the lateral condyle, curving anteromedially and ending 2 cm above the tibial tuberosity. The tensor fascia lata (TFL) was separated from surrounding soft tissues starting from the most proximal point to the Gerdy' s tubercle. The TFL was transected in anterior-posterior direction as proximally as possible. The proximal end of TFL was freed and reflected distally up to its insertion. The TFL was split longitudinally by sharp dissection into 2 strips ( Figure 4 ). The free ends of the anterior and posterior limbs of the proximal TFL were prepared separately using the Krackow method: 4 loop locking sutures were passed along the medial side and lateral sides, avoiding the middle third of the tendon width. [13] The vastus lateralis tendon (VL) was released from the quadriceps tendon (QT), where it inserts to the patella ( Figure 5 ). The lateral joint capsule and retinaculum were cut longitudinally starting from the proximal lateral border of the patella. Lateral release was completed with extension of this incision proximally into the VL.
An anteromedial 4 cm longitudinal incision was made superomedially to the patella. The vastus medialis muscle (VM) and medial joint capsule were divided longitudinally, and the medial femoral condyle was exposed. The semitendinosus muscle (ST) was revealed and identified with a clamp. The anterior limb of TFL was introduced via an incision on the lateral joint capsule and advanced to medial incision through the patellofemoral joint behind the patella ( Figure 6 ). The anterior limb of TFL was rerouted from the posterior of the ST (Figure 7 ) to the anterior by looping back onto the ST (Figure 8 ). It was sutured to the medial patellar pole subperiosteally (Figure 9 ). During this maneuver, patella should be reduced and patellofemoral congruence should be reestablished.
A hole was opened subperiosteally on the lateral surface of the lateral femoral condyle, and the posterior limb of TFL was rerouted through this hole. The posterior limb was looped back and tightly sutured onto itself against varus stresses. The released VL was sutured to the lateral side of the QT while the knee was in 90° of flexion ( Figure 10 ).
If the patella was subluxed during knee flexion, medial plication was performed. The medial joint capsule and retinaculum were incised longitudinally throughout the length of the medial side of patella. The VM was detached from the superomedial patellar pole, but the synovial membrane was not perforated. The patella was reduced into trochlear groove, and the VM was sutured to the medial patellar pole. Following patellar reduction, if there was a limitation in flexion, the rectus femoris muscle (RF) was lengthened with Z-plasty ( Figure 10) .
A long-leg plaster cast was applied to hold the knee in 30-45° of flexion, and weight-bearing was prohibited for 3 weeks postsurgery. After cast removal, activepassive exercises up to 90° of flexion were initiated, and weight-bearing was permitted. Full knee flexion was begun on the 6 th postoperative week.
results
Mean follow-up time was 37.6±10.9 months (range: 26-49 months). A normal knee flexion (150°) was measured after surgery in all patients. Flexion contracture was diagnosed in 7 knees with a mean of 20.71°±12.3° (range: 10-40º) preoperatively and in 3 knees with a mean of 6.6°±2.8° (range: 5-10°) at final follow-up. Preoperatively, recurvation was observed in 5 knees with an average of 23°±6.7° (range: 15-30º), whereas postoperatively 3 knees recovered completely, and recurvation decreased from 30° to 10° in 2 knees. In addition, genu valgum was detected preoperatively in all patients and corrected intraoperatively.
Grade 5 instability was diagnosed according to Dugdale in all patients preoperatively. Patellofemoral instability was restored in all cases intraoperatively, but medial plication had to be repeated in 2 cases because of recurrent Grade 3 patellofemoral instability (Table 1) . Complete patellofemoral stability was achieved in all cases, and no redislocation existed at the final examination (Grade 1 according to Dugdale) .
Preoperative radiological examinations found the patella to be hypoplastic and dislocated on the lateral aspect of the femur. At the last examination, the patella was in the trochlear groove in all patients radiologically.
There were 7 intraoperative findings: 1) The quadriceps tendon was malrotated and situated with the patella on anterolateral aspect of the femur and knee joint; 2) The RF, VL, lateral joint capsule, and TFL were contracted; 3) The patella was hypoplastic with a flattened articular surface; 4) The anterior intercondylar groove and trochlea were underdeveloped; 5) There was genu valgum deformity; 6) There was external tibial torsion deformity; 7) VM was atrophic, and medial joint capsule was thickened.
VL resection, lateral release, medial plication, and TFL transfer were performed in all cases, and lengthening of RF was performed in 11 knees. Additionally, supracondylar femur extension osteotomy had to be performed in 1 patient due to knee flexion contracture which did not improve after lengthening of hamstrings (Table 1) .
Wound detachment was seen in 1 patient and treated by local soft tissue debridement. There was no deep infection or neurovascular complication.
Discussion
Paton classified irreducible patellar dislocation into 2 groups: true and acquired congenital dislocations. [4] True congenital dislocation includes fixed flexion and valgus deformity with various degrees of patellofemoral dysplasia. Acquired dislocation was observed in children with joint laxity or muscular imbalance. Paton suggested the term "developmental dysplasia and dislocation of the patella" instead of the term "congenital" dislocation. [4] Our study included patients with acquired irreducible patella dislocation due to ligamentous laxity and muscular imbalance. [14] [15] [16] [17] Irreducible patellar dislocation and muscular imbalance cause many difficulties. [5, 12] In our study group, both knee flexion contracture and recurvation deformity were observed. However, patients with Down syndrome may have generalized ligamentous laxity, which may cause recurvation of the knee joint, yet some of these patients in our study suffered knee flexion contracture due to long-term fixed irreducible patella dislocation. To assist in addressing those difficulties, surgical methods aim to reconstruct the extensor mechanism with reduction of the patella. [8, 18] To restore the extensor mechanism, some procedures have been described, including lateral release, medial plication, and transfer of the extensor mechanism to the anterior. [19] [20] [21] [22] Such methods, including soft tissue procedures, are increasing in popularity. [21] However, bony procedures, including the transfer of the patellar tendon, may lead to recurvation, as a result of growth plate injury at proximal tibia. [10, 11] Furthermore, some studies have Fig. 10 . The VL was sutured to the lateral side of the QT while the knee was in 90° of flexion. The posterior limb of the TFL was rerouted subperiosteally on the lateral surface of the lateral condyle (it was passed through a hole that was opened subperiosteally on the lateral surface of the lateral condyle), looped back onto itself, and finally secured using sutures with a tightness that would be able to withstand varus stress.
experienced recurrence rates of up to 80%. [10, 14, 23] Our technique aims to release the abnormal vectors acting on the patella, restore stability, and realign the extensor mechanism without damaging the growth plate. In this study, preliminary results encourage the use of the combined technique in patients with patellar instability.
Pathologically, shortened TFL, QT, stretched lateral joint capsule, and VL pull the patella laterally.
[10] Stanisavljevic suggested the transfer of the entire extensor mechanism to the medial side. [18] However, the entire extraperiosteal release of the QT requires a wide incision, extensive lateral dissection, and may lead to an inadequate imbalance in the patellar groove while riding the patella. Additionally, Camathias reported high failure rates with the Stanisavljevic procedure. [23] Goldthwaite and [6] and Gordon [7] suggested extensive lateral The extension was 0° at
release and distal partial transfer of the patellar tendon. However, we believe that it is difficult to achieve sufficient medialization of the patellar tendon only by lateral release and patellar tendon transfer. Likewise, patellar tendon transfer can lead to growth plate injury at proximal tibia in the Goldthwaite and Roux procedure. Our incision and soft tissue dissection was narrower than the Stanisavlijevic procedure. We aimed to balance the lateral and medial forces affecting the patella and released only the tight parts of the VL and lateral joint capsule by transferring a section of TFL to the medial side and performing medial plication to obtain stabilization. Hung determined that in the majority of patients, fibrosis was detected in the VL and TFL, which provides the force that works to rotate the patella externally and laterally. [22] A contracted TFL affects the knee in the direction of flexion-valgus and induces external tibial torsion. The author reported the use of iliotibial tract for patellar dislocation which occurred after intramuscular injection and passed iliotibial tract through a tunnel in front of the patella, but in our technique, we placed the TFL posterior to the patellar ligament. Furthermore, we rerouted the anterior limb of the TFL from the back of the ST to the anterior by looping back onto the ST to achieve dynamic stability, which rotated the patella internally and medially during knee movements. Theoretically, dividing the TFL and transferring to the ST muscle aids in the correction of the knee valgus-flexion deformity and internally rotates the tibia. The improvement of the recurvation and valgus of the knee following surgery supports our hypothesis. We also believe that passing the TFL in front of the patella may cause increase in pressure on the patellofemoral joint and results in degenerative changes.
The iliotibial band is a hip abductor and external rotator and pelvic stabilizer on the ipsilateral hip. Lattermann suggested that loss of the TFL leads to a mild reduction of hip flexion and external rotation. [24] Our patients with patella dislocation due to muscle imbalance and lateral instability are examples of this generalized instability. This surgical procedure disturbed the TFL-iliotibial band and lateral joint capsule (the structures that provide resistance against varus stresses on the knee joint), but we tightly sutured the posterior limb of the TFL subperiosteally on the lateral surface of the lateral femoral condyle to increase resistance against varus stresses. Furthermore, we did not observe Trendelenburg gait or any other sign of hip abductor weakness.
Poor results have been reported with single lateral release. [10, 25] Tenodesis of the ST surrounding the patella has been suggested by Galaezzi as a method for treating recurrent patella dislocations. [26] [27] [28] Deie suggested reconstruction of the medial patellofemoral ligament for adolescents using ST. The ST is transferred to the patella using a pulley in the posterior third of the proximal aspect of the medial collateral ligament. [26] However, the isometricity of the ST' s transferred tendon is maintained during knee flexion and extension; only static stability can be achieved with these methods. Additionally, the major difficulty of ST tenodesis is the tendon' s insufficient length, making it impossible to pass through the patella. The major complications of this technique are patella fracture and degeneration. [22] Beyond medial plication, transfer of the TFL to the medial side of the patella is our preferred method. The TFL was rerouted from the back of the ST to the anterior by looping back onto the ST to achieve dynamic stability, which rotated the patella internally and medially during knee movements. In order to ensure that the patella remained in the trochlear groove, the anterior portion of the TFL was secured to the superior-medial pole of the patella. Medial structures were repaired at a degree of tightness that provided patellofemoral congruence after cutting parts of the medial joint capsule, the medial retinaculum, and the VM. These were sutured immediately to the superior medial pole of the patella. To avoid patella fracture, we placed the TFL posterior to the patellar ligament, rather than passing it through a hole in the patella.
In our technique, the anterior limb of the TFL is passed from the lateral joint capsule to the medial of the knee through the front of the femoral condyle, which is thought to prevent anterior translation of the femur as an intra-articular reconstructive method. However, in the literature, several extra-articular reconstructive techniques utilizing gracilis and semitendinosus tendons are currently in use to treat anterior instability. [29, 30] Pearl and Bergfeld noted that the role of extra-articular procedures in the final outcome is limited. [31] Furthermore, Kennedy et al. compared 3 pediatric ACL reconstruction techniques biomechanically. [32] He advocated that the iliotibial band technique restored AP translation better but may constrain the knee to rotational forces. Likewise, Scott suggested the intra-articular transfer of the iliotibial band permits earlier rehabilitation. [33] Although no studies have investigated patients with irreducible patellar dislocation with ligamentous laxity, our study showed that passing the TFL in front of the knee joint reduces anterior translation of the tibia and supports anterior stability. Longer-term results are needed to determine the affect of TFL on the articular cartilage.
Our operative findings are similar with those of other studies. [18, 34] Our data demonstrate that when the patella is realigned in the trochlear groove, development of the trochlear groove and the patella occurs during the growing period. Likewise, when the abnormal vectors on the lateral side disappear, genu valgum and external torsion deformity of the tibia will be improved.
Most authors consider the lengthening of the quadriceps as an essential part of the procedure in order to allow the patella to remain reduced. [35, 36] Intraoperatively, we decided to lengthen the RF in 11 of 14 cases to avoid extension contracture, an obstacle to patellofemoral reduction. The most notable adverse finding of RF lengthening procedures is extension weakness of the knee. [37] We postoperatively determined flexion contracture in 3 patients. Extension weakness due to RF lengthening, postoperative immobilization position (a long-leg plaster cast in 30-45° of knee flexion), and hamstring contracture due to preoperative knee position (resulting from a dislocated patellofemoral joint) are the possible reasons for flexion contracture. We also had to perform a hamstring tenotomy and a serial casting application.
We did not use Q angle in pre-and postoperative evaluation of our patients. However, our study included patients with acquired irreducible patella dislocation due to ligamentous laxity and instability. In all cases, the patella was dislocated, and many of our patients had flexion contracture. Supporting this, Aglietti claimed that patellar movement on extension can affect the measurement of Q angle. [38] We believe that measurement of Q angle in patients with dislocated patella and flexion contracture may not be a reliable guide for measurement.
The disadvantages of this study are its limited number of patients and short follow-up period. Additionally, none of the patients had reached skeletal maturity. Despite the limited patient number, the rarity of the selected patient group should be considered. [1, 4, 31] Because of the short follow-up, we have labeled our study a preliminary report, in which we described a promising new surgical method in detail. However, we accept that the long-term effects of our surgical technique require further study.
In summary, we treated knee instability accompanied by patella dislocation due to muscle imbalance with a combined method, including transfer of the TFL to the patella, lateral release and medial plication of the capsule, release of the VL, and lengthening of the RF. Early results showed that this combined procedure could be an effective alternative treatment method for this difficult-to-treat knee instability accompanied by patellar dislocation. Further studies with longer-term follow-ups are necessary to evaluate our results. 
